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 ب 
 ي معاونت پژوهش و فن آور
 به نام خدا 
 منشور اخلاق پژوهش                                           
 اهيتت  اگ ااه داشگاهه ر  اتللاي رهنگ و انسان و به منظور پاس داشت مقام بلند دانش و پژوهش و نظر بهبا ياري از خداوند سبحان و اعتقاد به اين كه عالم محضر خداست و همواره ناظر بر اعمال 
 :و از آن تخطي نكنيم ي مد نظر قهار دادهلتت هاي پژوهش تمدن بشري، ما دانشجويان و اعضاء نيئت علمي واحدهاي داشگاهه آزاد اسلامي متعهد مي گرديم اصول زير را ر  انجام فعا
 اصل حقيقت جويي: تلاش ر  راسلاي پي جويي حقيقت و وفاداري به آن و دوري از هرگونه پنهان سازي حقيقت. -1
 اصل رعايت حقوق: التزام به رعايت كامل حقوق پژوهشگران و پژونيدگان (انسن،حيوان ونبات) و ساير صاحبان حق. -2
 مادي و معنوي داشگاهه و كليه هم كاران پژوهش. اصل مالكتت مادي و معنوي: تعهد به رعايت كامل حقوق -3
 اصل منافع ملي: تعهد به رعايت مصالح ملي و ر  نظر داشتن پيشبرد و توسعه كشور ر  كليه مراحل پژوهش. -4
 .راصل رعايت انصاف و امانت: تعهد به اجتناب از هرگونه  انب داري غير علمي و حفاظت از اموال، تجهيزات و منابع ر  اختيا -5
 اصل رازداري: تعهد به صيانت از اسرار و اطلاعات محهمانه ارهاد، سازمان ها و كشور و كليه ارهاد و نهادهاي مرتبط با تحقيق. -6
 اصل احترام: تعهد به رعايت حريم ها و حرمت ها ر  انجام تحقيقات و رعايت  انب نقد و خودداري از هرگونه حرمت شكني. -7
 وني دارد.رواج دانش و اشاعه نلايج تحقيقات و انتقال آن به هم كاران علمي و دانشجويان به غير از مواردي كه منع قان  اصل ترويج: تعهد به -8
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1 AZTI_ Marine Biotic Index 
2 Benthic Opportunistic Polychaetes Amphipods index 
3 multimetric 
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(Hays et al ., 2005)




(Allison et al.,1998) 
 
(Lawrence & Hemingway, 2003) 
(Lawrence & Hemingway, 2003) 
                                                 
4 point source 
5 non point source 
 7 
(Costanza and Folke, 1997) 
(Vinebrook et al., 2004) 
(Muller, 2005)














                                                 
6 Ecological Risk Assessment 










                                                 
8 Biological monitoring 









(NRC,1989, Power & Chapman, 1992)
(Aksu et al., 1997)
                                                 
12 Univariate 
13 Multivariate 
14 Pearson & Rosenberg Model 
15 Dominance-Diversity 
1-Principal component analysis 


















.(long et al., 2002)
(Smith et al., 2001)







                                                 
21 Azoic 
22 r-Selected Species 
23 k-Selected Species 













(Borja et al., 2003a)
 
Salen-PicardHilly   Glemarec 
                                                 
26 Indicator species 
27 Bioaccumulative species 
28 Bellan(1980) 
29 Bellan-Santini  (1980) 








(Borja et al., 2003a )
AMBI  (Borja et al., 2004; Borja et al., 2005)
(Borja et al.,2000)
(Borja et al.,2003a; Borja et al.,2003b, ; Casseli et al., 2003)
(Muxika et al., 2003)
                                                 
31 Deposit-feeders 
32 Suspension -feeders 
33 Suspension Deposit-feeders 
34Subsurface Deposit – feeders  
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 (IOC, 2005) 
Borja 
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:AMBI BI
(Borja et al, 2000, 2003b)
 Biotic 
Index(BI)
Ecological groupAMBI value 
  I BC ≤ 
 
II  BC ≤ 
 III BC ≤  
 IV-V BC ≤ 
IV-V BC ≤   
 V  BC ≤  




( Ecological Quality Status (EQS)) 
  AMBIEQR(Ecological 
Quality Ratio)
(WFD,2000/60/EC, cited in Borja et al., 2003a,b)
AMBI
                                                 
35 European Water Framwork Directive 
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Gesteira and Dauvin, 2000)
BOPA 
(Ossa-Carretero et al., 2009) 
(Dauvin & Ruellet, 2007)
BO2A
BOPA
AMBIDauvin et al. 2012
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wiener Index-ShannonPielou evenness IndexParker Index-Berger
Simpson Index
(Dauvin et al., 2007, 245; Afli et al., 2008,)
(Quintino et al.,2006; Salas et 
al.,2006)WFD
(Quintino et al.,2006)
                                                 
39 H = ∑ pi log2 pi  و  Pi= هنومنرد ما  iهنوگ يناوارف تبسن 
40 J = H / H max = H/ logS  و  H max=   نوناش صخاش رادقم مميزكام ،S=هنوگدادعت 
41 D=n max/N  n max = ناوارف هنوگ دارفا دادعت ، N=دارفا لك دادعت 
42 D=∑ p i 2 و  Pi= هنومنرد ما  i هنوگ يناوارف تبسن   
 21 
Blanchet et al., 2008






(Magni et al., 2008) 
(Koutsoubas et al, 2007)
(Pomeroy et al. 1965)
(Lijklema 1986) 
                                                 
43 Transitional coastal ecosystem 
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Au, Cu, Sb, Zn, Pb, Se, TeS, PbS2AgAg





Te, Ag, As, Sb, Hg, Se2, (Au,Ag)Te2Native Au, AuTeAu
Zn, Pb, CuZnSCd
Ni, Co4O2FeCrCr
Zn, Cd, Pb, As, Se, Sb, Ni, Pt, Mo, Au, TeS, 2, Cu4FeS5, Cu2CuFeS
4AsS3Cu
Cu
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ۀ
 
Pb , Cr , Cd Mn , As , Cu 
As  Cu 
Cd , Cu , Ni , Pb , Zn , As 
AsCu 
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Ni , V , Mn , Cu , Se , Sb , As , Zn , Cd , Pb 
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Pb , Au , 
Y , As , Sb , Ag , In , Fe , Sn , Zn , Cu , Ir , Co , Mo , W Cr , Ge , Sr 
 
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(Boesch and Rosenberg , 1981)(Swartz et al , 1985)
sub-littoral 






                                                 















Kasymov 1989, Tait et al. 2004, Parr 
et al. 2007 )
 36 

Bivalvia , Scorbiculidae , Gammaridae , 




























Nereis(Hediste) di(versicolor), Hypaniola kowalewskii, Hypania Invalida, Streblospio, 
gynobranchiata, Nais, Limnodrilus michaelseni, Stenocuma gracilioides, Pontogammarus
maeoticus,Pontogammarus borceae, Stenogammarus compressus, Stenogammarus macrurus, 





, Taheri and Yazdani 2011, Ghorabi et al. 2009, Eghtesadi et al. 2013, 
Saghali et al. 2013, Bastami et al., 2014 
ppt
 Zenkevich, 1963; Roohi, et al., 2010;Taheri and Yazdani, 2011 
 ppt
; Roohi, et al. 2010; Taheri and Yazdani, 2011) 
PenCage
Nemathelminthes
Nereidae, Ampharetidae, Spionidae, Osteracodae, Mytilidae, Dreissenidae, Cardidae, 
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Hondex PS-7 Depth Sounder
2m
 
36°47'24.00"N 53°53'0.00"E ST12 36°55'0.00"N 54° '42.00"E ST1
36°47'30.00"N 53°48'0.17"E ST13 36°53'36.00"N 54° 1'42.00"E ST2 
36°48'54.00"N 53°48'0.00"E ST14 36°51'16.77"N 54° 1'38.08"E ST3 
36°51'0.00"N 53°48'0.00"E ST15 36°49'0.00"N 54° 1'18.00"E ST4 
36°52'30.00"N 53°47'60.00"E ST16 36°47'48.00"N 53°57'24.00"E ST5 
36°51'0.00"N 53°44'0.00"E ST17 36°49'0.76"N 53°57'22.12"E ST6 
36°48'54.00"N 53°44'0.00"E ST18 36°51'9.72"N 53°57'16.67"E ST7 
36°49'0.00"N 53°40'0.00"E ST19 36°53'18.00"N 53°57'6.00"E ST8 
36°51'0.00"N 53°40'0.00"E ST20 36°52'54.00"N 53°53'0.00"E ST9
36°51'33.33"N 53°35'51.07"E ST21 36°51'3.59"N 53°52'57.47"E ST10 









































2/87  9/87  7/03  7/03  0/09  22 838 
 
±SD  
0/80 ± 2/0  5/28 ± 7/8  5/28 ± 2/2  7/02 ± 9/8  5/00 ± 8/0  29± 8/2  79±7 




















(Barnes, 1987; Birstein, 1938; Birstein & Romanova, 1968; Kasymov& Bagirov, 1977; 
Konstantinov, 1968; Logvinenko & Starobogatov 1968; Milligan, 1995; Mordukhai-
Bolotovskoi, 1979; Nikula & Vainola, 2003; Stock et al., 1998; Stock, 1974; Bouchet, 2014)  
Loss on ignitionAbrantes et al. 1999
LPS: HORIBASoil Texture Triangle 
(USDA) Folk et al., 1970; Flemming, 2000
TOMTOM% =A-B/A-C×100
compounds unit Recommended value Confidence level extracted value Error % 
HCB ppb 0.41 0.3-0.57 0.25 39 
p,p-DDT ppb 0.67 0.48-0.98 0.5 25 
Aldrin ppb 0.41 0.2-2.3 <0.5 *** 
















Grall and Glemarec 
AZTI
Borja











  BENTIX 
 





(Dauvin et al., 2007, De-la-Ossa-Carretero, J.A., Dauvin, 
J.C., 2010 )2000 
Gomez-Gesteira DauvinBorja Azti





Blanchet et al (2008)H; 
HighG; GoodB;BadP; Poor
                                                 








ECoQ  H'(log2); 
bit/ind 
AMBI M-AMBI BENTIX(for Muds) BENTIX(for sands) BO2A 
> ≥ M-AMBI >  ≤ BENTIX<   ≤ BENTIX <  5910/5-55555/5 H 
 ≥ M-AMBI >  ≤ BENTIX <   ≤ BENTIX <  90955/5-59109/5 G 
 ≥ M-AMBI >  ≤ BENTIX <   ≤ BENTIX <  M 
 ≥ M-AMBI >  ≤ BENTIX <   ≤ BENTIX <  P 




















H; HighG; GoodM; MediumP; PoorB; Bad
                                                 


















                                                 
49 Principal Components Analysis 
50 Canonical correspondence analysis 
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  72 
, N=22 TOM (%)  
 
TOM (%)
r 0.057 1    
 p 0.800     
 
r -0.248 -0.481* 1   
p 0.266 0.024 .   
 r 0.214 0.409 -0.983
** 1  
p 0.339 0.058 0.0005 .  
 
 
r 0.180 0.601** -0.516* 0.411 1 
p 0.422 0.003 0.014 0.058 . 
***
, N= TOM (%)    
 
TOM (%)
r 0.107 1    
 p 0.323     
 
 r -0.159 -0.437
** 1   
p 0.138 0.0005 .   
 r 0.144 0.399
** -0.993** 1  
p) 0.182 0.000 0.000 .  
 r 0.243
* 0.422** -0.547** 0.486** 1 
p 0.023 .0005 .0005 0.0005 . 
***




r 0.133 1    
p 0.218 .    
 
r -0.236* -0.437** 1   
p 0.027 0.0005 .   
 
r 0.216* 0.399** -0.993** 1  
p 0.043 0.0005 0.0005 .  
 
r 0.297** 0.422** -0.547** 0.486** 1 
p .005 0.0005 0.0005 0.0005 . 
***




















Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 
Normalization. 
a. Rotation converged in 4 iterations. 
                                                 
53 Principal Components Analysis 
  74 
  
Similarity measure: Normalised 




Distances, 2-d: stress: 0.1
Normalised 
Euclidean distance ,Square root
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 n-MDS





 Al, As, Cu, Fe, Ni, Pb, Zn
Al, As, Cu, Fe, Ni , Pb, Zn
ppm
ppm ppmppmppm










                                                 
54 Apparent Effects Threshold 
55 Threshold Effects Level (TEL) 














                                                 
56 Effects Range Low(ERL) 
57 Effect Range Median(ERM)  
58 Probable Effect Levels (PEL) 













p<0.001PosthocGames – Howell 
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59 Lowest Effect Level (LEL)  
60 Severe Effect Level(SE L) 
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SD
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ST16 
       
ST17 
       
ST18 
       
ST19 
       
ST20 
       
ST21 
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SD
Al ( ) 




As (ppm ) 
    
 
Cu (ppm ) 
    
 
Fe ( ) 
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Pb (ppm ) 
 
 
   
 
Zn (ppm ) 
    
 




SD    
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As(ppm ) 
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 Al ( ) As (ppm) Cu (ppm) Fe ( ) Ni (ppm) Pb (ppm) Zn (ppm) Reference 
  
 
( - ) 
 











   
 













( - ) 
 
( - ) 
--- 
 













( - ) 
 
























Moreno et al., 
2009 
Canada TEL --   --    
Smith et al. 
1996 
ERL  **   --    
MacDonald 
et al. 2000 
ERM  --   --    
MacDonald 
et al. 2000 
LEL -- -- -- ** -- -- -- NOAA , 2009 
SEL -- -- -- ** -- -- -- NOAA,  2009 
AET       SQuiRTs* 
PEL -- SQuiRTs 
*Sediment value from NOAA Screening Quick Reference Tables     **     
LEL; lowest effect level, ERL; Effect range low, ERM ; Effect range medium, PEL; probable effects level, TEL; threshold effect level,  
SEL;severe effect level, AET; Apparent Effects Threshold 
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 N=22 Al 















r 0.205 1      
p 0.360 .      
Cu (ppm) 
r 0.919** 0.144 1     
p 0.0005 0.524 .     
Fe 
( ) 
r 0.964** 0.244 0.896** 1    
p 0.0005 0.275 0.0005 .    
Ni (ppm) 
r 0.970** 0.136 0.965** 0.945** 1   
p 0.0005 0.545 0.0005 0.0005 .   
Pb (ppm) 
r 0.912** 0.274 0.787** 0.928** 0.863** 1  
p 0.0005 0.217 0.0005 0.0005 0.0005 .  
Zn (ppm) 
r 0.972** 0.257 0.928** 0.976** 0.967** 0.918** 1 



















r -0.090 1      
p 0.406 .      
Cu (ppm) 
r 0.508** 0.372** 1     
p 0.0005 0.0005 .     
Fe 
( ) 
r 0.642** 0.210* 0.743** 1    
p 0.0005 0.049 0.0005 .    
Ni (ppm) 
r 0.733** 0.059 0.746** 0.875** 1   
p 0.0005 0.587 0.0005 0.0005 .   
Pb (ppm) 
r 0.793** -0.240* 0.289** 0.596** 0.681** 1  
p 0.0005 0.025 0.006 0.0005 0.0005 .  
Zn (ppm) 
r 0.643** 0.248* 0.815** 0.954** 0.887** 0.552** 1 
p 0.0005 0.020 0.0005 0.0005 0.0005 0.0005 . 
***
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 N=88 
Al 















r -0.435** 1      
p 0.0005 .      
Cu (ppm) 
r 0.331** 0.394** 1     
p 0.002 0.0005 .     
Fe 
( ) 
r 0.560** 0.103 0.788** 1    
p 0.0005 0.342 0.0005 .    
Ni (ppm) 
r 0.663** -0.083 0.611** 0.811** 1   
p 0.0005 0.443 0.0005 0.0005 .   
Pb (ppm) 
r 0.809** -0.524** 0.270* 0.589** 0.773** 1  
p 0.0005 0.0005 0.011 0.0005 0.0005 .  
Zn (ppm) 
r 0.570** 0.106 0.837** 0.946** 0.813** 0.584** 1 




 Ni, Fe, Zn, Al, Pb, Cu 











Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
a. Rotation converged in 3 iterations. 
 
  95 
Similarity measure: Normalised 
Euclidean distance, Square root, Distances , Group average 
 
 n-MDSDistances,3-d : stress: 0.09, 2-d : stress: 
0.1
Similarity measure: 
Normalised Euclidean distance, Square root, Distances , Group average 
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Phyllodocida Nereidae Hediste H. versicolor  III 
Spionida Spionidae Streblospio S. gynobranchiata III 
terebellida Ampharetidae Hypaniola H. kowalewskii III 
Clitellata/Oligochaeta Haplotaxida Tubificidae 
Tubificoides  T. fraseri Ѵ 




Eulamellibranchia Semelidae Abra A. segmentum III 
Mytiloida Mytilidae Mytilaster M. lineatus  І 
Veneroida 
Cardiidae 
Cerastoderma C. glaucum III 
Didacna sp III 







Amphipoda Pontogammaridae Pontogammarus P. robustoides ІѴ 
Decapoda Panopeidae Rhithropanopeus R. harrisii II 
Cumacea Pseudocumatidae Stenocuma S. gracilis II 
Insecta Diptera Chironomidae Chironomus albidus III 
                                                 
61 Annelida 
  98 
 
 
Species Names Family Order Class 
* * * Hediste versicolor Nereidae Polychaeta Annelida 
* * * Streblospio 
gynobranchiata 
Spionidae  
  * Hypaniola kowalewskii Ampharetidae 
*   Hypania invalida 
 * * Tubificoides fraseri  Tubificidae Oligochaeta 
 * * --- 
*   Pterocuma pectinata Pseudocumidae  Cumacean Crustacean 
*   Stenocoma sp Pseudocumidae 
  * Stenocuma gracilis Pseudocumatidae 
*   --- Pontogammaridae 
(juvenile) 
Amphipoda 
 *  Gammarus aequicauda Gammridae 
*   Stenogammarus 
macrurus 
Pontogammaridae  
*   Stenogammarus 
compressus 
*   Pontogammarus sp. 
*   Pontogammarus sarsi 
*   Pontogammarus 
maeoticus 
*  * Pontogammarus 
rubustoides 
*   Niphargoides motasi 
*   Niphargoides grimmi 
*   Niphargoides 
aequimanus 
*   Cardiophilus baeri 
  * Rhithropanopeus harrisii Panopeidae 
* * * Cerastoderma glaucum Cardiidae Bivalvia  Mollusca 
 * * Didacna sp. 
 * * Abra segmentum Semelidae 
  * Dressena polymorpha 
 
Dreissenidae 
 * * Mytilaster lineatus Mytilidae 
*   Pyrgula sp Pyrgulidae Gastropoda 
*   Chironomus sp Chironomidae  Diptera. Insecta 
 * * Chironomus albidus 
  99 
SD
s
S. gynobranchiata, H. 
versicolor, Tubificidae  و A. segmentum
S. gynobranchiata 
M 
.lineatusA. segmentum   
C. albidus
 S. gynobranchiata، T. fraseri H. versicolor
S. gynobranchiata
T. fraseriH. versicolor
S. gracilis،  Didacna sp R. harrisii
  111 
 
 
 ( / ) 























































































































ST1                
ST2                
ST3                
ST4                
ST5                
ST6                
ST7                
ST8                
ST9                




    
 
        
ST13                
ST14                
ST15              
ST16 
 
         
 
    
ST17               
ST18                
ST19                
ST20                
ST21                
ST22               
































































  ( )
























































































































                 
                 
                
                
  
   
  





































































































H. kowalewskii Tubificoides fraseri Tubificidae
H.versicolor S. gynobranchiata
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S. gracilis R. harrisii P. robustoides C. albidus
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SH' 
S. 
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(Mann-whitney tests)Corrected α= 0.008
p>0.05
  116 
 p<0.05  
   p <0.001
S. 
gynobranchiata, H. versicolor, H. kowalewskii
CCA




ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 ST10 ST11 
 
            
H';log2            
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CCA








(Corrected α= 0.008 )
                                                 
62 Biotic Indices 









Dauvin et al., 2007, Dauvin et al., 2010 
 BO2A 
BO2ABO2A
 (p<0.001(Corrected α= 
0.008 )
BO2ABO2A




  AMBI  M- AMBI 
AMBIM-AMBI








































BI ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 ST10 ST11 
SD
 
BENTIX            
BO2A        
AMBI          
M-AMBI            
 ST12 ST13 ST14 ST15 ST16 ST17 ST18 ST19 ST20 ST21 ST22 
BENTIX        
 
BO2A         
 
 
AMBI          
 
 










   
BENTIX     
BO2A     
AMBI     
M-AMBI     
H'AMBIBO2A BENTIX
*** ns *** * M-AMBI
ns ** ***  BENTIX
*** **   BO2A
***    AMBI
: ns  p > 0.05, * p < 0.05  
** p < 0.01*** p < 0.001 
 
N=22 H' BENTIX BO2A AMBI 




AMBI ns ns ns  
M-AMBI 
** ** ns ns 

















































































































)2H'(log (P) (P) (P) (P) (P) (P) (P) (P) (P) (P) (P) (B) (B) (B) (B) (B) (P) (B) (P) (B) (P) (P)   
BENTIX (P) (P) (P) (P) (P) (P) (P) (P) (P) (G) (G) (P) (P) (P) (P) (P) (P) (P) (P) (P) (P) (P)   
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Abstract  
 
The zonation of soft-bottom sediments in Gorgan Bay (Caspian Sea) using macrobenthos as 
indicator of ecological health 
 
By:Seyed Ghasem Ghorbanzadeh Zaferani 
 
In this study, in order to assess the ecological health status and zoning of  soft bottom of Gorgan 
Bay, the spatial and temporal distribution of macrofauna and their relationship with 
environmental stress were investigated. Sediment samples were collected using a Van Veen grab 
at 22 sampling points, seasonally during 2012-2013.   The averages (±SD) of the percentages 
of sand, silt, clay and TOM (Total Organic Matter) in the sediment samples were determined 
(44.4± 15, 53.4 ± 14, and 2.2 ±2.2 and 7.2%   ± 1.6, respectively). Our results showed that mean 
(range) of Al, As, Cu, Fe, Ni, Pb and Zn in the sediment samples were 1.2 % (0.4-2.1), 4.8 (2.5- 
10.3) ppm, 10.5 (4.4-16.9) ppm, 1 (0.4 – 1.6) % , 13.6 (6.2-21.5) ppm, 9.1 (4.7-12.9) ppm and 
23.9 (3.1-39.4) ppm, respectively. In spring, both Al and Ni were higher than the guideline level. 
In the event that arsenic was exceeds the guidelines in summer. In this study, 14 species of 
macrofauna from 12 families were identified. Polychaeta with 3 species was the most dominant 
group in terms of abundance. The four most abundant taxa making up 85% of all specimens 
(Streblospio gynobranchiata, Tubificidae, Hediste versicolor and Abra segmentum). The 
western area were characterized by the higher species diversity (H', 1.94). So Gorgan Bay 
presents transitional macrobenthic assemblages that are spatially distributed along substrate 
gradients .The mean of  Shannon index, BENTIX, BO2A, AMBI and M-AMBI in the bay was 1.3, 
2.2, 0.4, 3.2 and 0.65 respectively.  According to the results of these indices, ecological status 
of the western part of the bay assessed better than the other parts. According to the results of 
the nmMDS (non-metric Multidimensional Scaling), PCA (Principal Components Analysis),  the 
map of distribution of heavy metals and the map of the ecological status , it seems Gorgan Bay 
is divided into two separate zones (the eastern and the western parts).M-AMBI finaly introduced 
reliable index for assessing the ecological status of the Bay. 
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